men and women, the strong, significant positive association between Na-Li CT and blood pressure found in univariate and bivariate (controlling for age) analyses was reduced when other correlates of blood pressure (e.g., body mass index, alcohol, plasma uric acid) were included in the analyses.6 These findings could be the result of overadjustment; that is, inclusion in multivariate analyses of one or more key links in the etiopathogenetic pathway linking Na-Li CT to hypertension. For example, caloric imbalance and resultant overweight and its metabolic consequences (e.g., hyperglycemia, hyperuricemia) and high intake of sodium and/or alcohol may lead to hypertension through influences on sodium metabolism reflected in a high level of Na-Li CT. Alternatively, the association between Na-Li CT and blood pressure may not be an independent one. The present report aims at elucidating interrelations between Na-Li CT and several traits previously correlated with blood pressure in population-based studies, including the Gubbio Study.7 '8 Methods The Gubbio Study is a cross-sectional and prospective epidemiological investigation focusing on blood pressure in a population sample of the hill town of Gubbio in north central Italy.6,9 Data reported here are from its baseline survey carried out between March 1983 and December 1985 among 5,376 participants of either sex aged 5-90 years. Na-Li CT was determined in 3,591 screenees aged 5-74 years. Among the many variables assessed, measurement of plasma glucose, plasma uric acid, and red blood cell mean corpuscular volume (MCV) was begun in the sixth month of the 3-year baseline survey; thus, data on these variables were available for 87% of the sample. Analyses of the correlates of Na-Li CT deal with data for adults aged 25-74 years with no missing information for any of the variables (n=2,236; 1,044 men and 1,192 women).
Participants were asked to supply at the time of the visit a sample of first voided morning urine. They were requested to refrain from eating for at least 2 hours before the visit and from smoking and strenuous exercise for at least one-half hour before the visit. Blood pressures were measured with a standard mercury sphygmomanometer by one of four staff physicians using a standardized protocol. In 10 mmol/l NaCl, 2.5 mmol/l KPO4 buffer, and 1 mmol/l MgC12). Within 30 hours, the cells were shipped in their preservation solutions (at 4°C) to the laboratory, where Na-Li CT assay was performed within a maximum of 4 days from blood drawing. Use of a preservation solution has been documented to allow delayed determination of Na-Li CT for as long as 5 days. 13 Cells were washed three times with an isosmotic solution containing choline chloride (149 mmol/l choline chloride, 1 mmol/l MgCI2, 10 mmol/l Tris-MOPS). After the final wash, the supernatant was aspirated and discarded. Quality control involved acceptance of values for days when technical error was less than 20%. The Na-Li CT values for the people reported here met this criterion. Log transformation of the Na-Li CT was performed because of the positive skewness of the distribution of Na-Li CT in both men and women. The Kolmogorov-Smirnov test revealed nonsignificant deviation from normality for the log-transformed data.
Statistical methods for assessment of relations between Na-Li CT and other variables included two-sample unpaired t tests, simple product moment (Pearson) correlation coefficients, and multiple linear regression analyses. Table 1 gives mean values for men and women aged 25-74 years with a complete set of data for the variables under consideration in this report. Table 2 gives average values of Na-Li CT and standard deviations by age and sex. Except for the youngest age group (5-14 years), females had lower mean Na-Li CT than males. In both sexes, countertransport was higher with age; this pattern was more marked for men than for women aged [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] . After age 45-54, mean level of Na-Li CT tended to be lower in men and to be stable in women. To assess whether sexual maturation could be responsible for higher countertransport values in men compared with women after age 5-14, average values of Na-Li CT (mmol/l cellxhr) were computed for 74 boys and 52 girls aged 5-9 years (defined as pre-sexual maturation) (boys, 0.233±0.09; girls, 0.244+0.10) and for 131 boys and 98 girls aged 10-14 (boys, 0.218±0.08; girls, 0.229±0.09); these values were compared with values for the age group 15-24 years (defined as post-sexual maturation). No significant difference was detected between the two sexes in the age groups 5-9 and 10-14 years, and girls aged 5-9 and 10-14 had similar Na-Li CT to women in the age group 15-24 years, whereas postmaturation males had significantly higher Na-Li CT (p<0.05) than boys aged 5-9 and 10-14 years.
Results

Descniptive Statistics
Relation of Other Variables to Na-Li CT Table 3 gives simple correlation coefficients of Na-Li CT and log1o Na-Li CT with other variables for men and women aged 25-74 years. In both sexes, Na-Li countertransport is expressed in ,umol/l cell/hr. *p<0.05, tp<0.01, tp<0.001 based on the ratio of the coefficient to its standard error. the model, in that sequence, as significantly related to Na-Li CT.
To assess whether significant relations of the several variables to Na-Li CT were due to associations predominantly or exclusively in persons with high blood pressure, multiple linear regression analyses were repeated after exclusion of hypertensive men and women. For normotensive men, the same several variables were still significantly related to Na-Li CT (Table 7) . For normotensive women, body mass index, plasma uric acid, heart rate, and MCV were significantly related to Na-Li CT (Table 8) .
Discussion
The main finding from this study in the large Gubbio population sample was that in both men and women, there are significant independent associations between several variables (all of them known correlates of blood pressure) and red blood cell sodium-stimulated lithium countertransport. These include body mass index, plasma uric acid, plasma glucose, alcohol intake, and red blood cell MCV. In addition, in both sexes there was a significant independent inverse relation of plasma HDL cholesterol and potassium to Na-Li CT.
The Gubbio age-specific univariate analyses confirm previous findings that women on the average have lower Na-Li CT values than men.15,16 This difference is not present in childhood and tends to be reduced in the age group 65-74 years as indicated by Turner et al. 17 The Gubbio data suggest that at a time close to sexual maturation, no change occurs in mean levels for females but an increase occurs in mean levels for males. The Gubbio multivariate analyses suggest that sex differences in uric acid metabolism, reflected in the higher plasma uric acid levels of men than of women (a repeated finding in population studies), and the greater alcohol intake of men than of women may account for the sex difference in Na-Li CT.
Alcohol consumption and Na-Li CT were significantly associated in both sexes in both univariate and multivariate analyses. This finding of a direct association between alcohol consumption and Na-Li CT confirms and expands a previous observation by McDonald et al. 18 This association could be of important biological significance because of the direct association between alcohol consumption and blood pressure observed in numerous epidemiological studies. [19] [20] [21] Both body mass index and alcohol intake are among the few life-style-related variables thus far shown to be related to Na-Li CT. The finding that body mass index is associated with Na-Li CT is also in accordance with previous reports.2 '16 The association between erythrocyte MCV and Na-Li CT (independent of alcohol intake, body mass index, and other traits) could be an indication of an association between Na-Li CT and some volume regulatory mechanisms. It has been previously postulated that Na-Li CT is related to activity of the Na+-H+ exchange system,22 a mechanism capable of cellular volume regulation. Volume and pH regulatory actions of the Na+-H exchange system in smooth muscle cells could influence vascular reactivity and therefore peripheral vascular resistance. 23 The Gubbio data confirm the previously reported independent association between plasma uric acid and countertransport in men24 and expand this finding to women. This association could be an indication of a direct relation between Na-Li CT in red blood cells and renal proximal tubular absorption of uric acid. The majority of the uric acid filtered through the glomerulus is reabsorbed at this level.25 A direct association between Na-Li CT and renal proximal tubular cell function has been postulated, 26 and evidence has been published indicating a positive relation between red blood cell Na-Li CT and renal lithium fractional reabsorption.27 However, this relation has not been supported by more recent findings. [28] [29] [30] An association between plasma cholesterol and countertransport has been reported in epidemiological and clinical studies of hyperlipidemic and hypertensive persons31,32 and could be related to the lipid structure of the cell membrane. The inverse association between plasma HDL cholesterol and countertransport observed in the Gubbio Study confirms a previous report. 32 The positive association between plasma glucose and Na-Li CT in the Gubbio population is concordant with reported data showing a significant relation between plasma insulin level and Na-Li CT in premenopausal women.33 However, another study of small sample size found no significant difference in average Na-Li CT level between non-insulin-dependent diabetics and matched controls, and among diabetics, no significant difference in mean Na-Li CT between normotensive and hypertensive patients.34 These apparently negative findings may be a consequence of low statistical power.
The negative independent relation between plasma potassium and Na-Li CT in the Gubbio population is concordant with a previous report showing higher Na-Li CT in patients with hypokalemia compared with controls. 35 Two possible indicators of sodium intake, urinary sodium to potassium and sodium to creatinine ratios in first-void morning urine samples, did not have any significant independent relation with countertransport. These results should be interpreted with caution because the urinary ratios were based on a single-spot urine sample and therefore are probably limited as indicators of habitual sodium intake of individuals.36 In a small trial with limited statistical power, no significant association was found between short-term reduction in sodium intake and Na-Li CT.37 However, data from a trial of larger size and longer duration indicated that sustained control of hypertension by nutritional means, including reduction of both salt in-take and weight, was associated with mean Na-Li CT levels similar to those of normotensives and significantly lower than those of a control group of hypertensives normalized by drug treatment. 16 The Gubbio data indicate that the relations between several variables and Na-Li CT continue generally to prevail (with exclusion from the analyses of persons with high blood pressure). These findings suggest that these associations have a broad biological basis. Long-term follow-up data are needed to assess how all these variables together relate to blood pressure change over time and risk of developing frank hypertension.
Clearly, more research is generally in order on the relations of dietary habits and metabolic traits to cellular electrolyte transport and on the joint relations of all these variables to blood pressure and high blood pressure. Inconsistencies in some of the presently limited findings need to be resolved and mechanisms elucidated. Other environmental factors possibly related to Na-Li CT need to be explored. Given available evidence indicating familial heritability of Na-Li CT,38-42 further research is.also indicated on its mode of inheritance, its specific genetic regulators, environmental factors influencing their expression, and their relation to blood pressure.
For the present, it is clear that this indicator of cellular membrane so4ium handling. is related both to blood pressure and to several other nutritional and metabolic traits also related to blood pressure. These facts lend credence to the concept that cellular membrane sodium handling is significantly related to the pathophysiology and pathogenesis of hypertension and to the rise in blood pressure from early adulthood through middle age experienced by most people in modern societies.
